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PREFACE

In 1962 the Space Science Board, National Academy of Science, held a "Space Science
Summer Study' for the National Aeronautics and Space Administration (NASA). At this sum-
mer study the majority of the members of a ""Biology Working Group" recommended that the
National Aeronautics and Space Administration make special attempts to exploit opportunities
for the advancement of theoretical biology. In order to stimulate interest and thinking in bio-
logical theory and to gain for theoretical biology a recognized standing among scientific disci-
plines, three methods of approach were suggested:

1. NASA can consciously encourage theoretical approaches to biological problems
when these appear in individual proposals. This would amount to increased empha-
sis on theoretical work as a criterion in evaluating proposals.

2. Conferences, symposia, or workshops can be set up periodically to redefine
problems and in other ways fulfill the usual requirements of scientific communica-
tion. Such meetings would be different only in that they would be almost entirely
theory oriented. NASA might share sponsorship with other agencies.

3. In some instances a continuing theoretical group could be established at a uni-
versity or, possibly, at a NASA center like Ames Research Center. Such a group
could address itself to the problem of identifying opportunities for theoretical de-
velopments in biology and. . .would do much to stimulate interest among biologists
and theoreticians of many kinds in the theoretical opportunities which exist in mod-
ern biology.

To initiate a program in theoretical biology, a "Committee to Advise on the Status and
Future of Theoretical Biology in the United States™ was convened October 30, 1962, in Prince-
ton, New Jersey. The members were Dr. Ernest C. Pollard, Pennsylvania State College,
Chairman; the late Dr. Henry Quastler, Brookhaven National Laboratory; Dr. James F.
Danielli, State University of New York at Buffalo; Dr. Harold J. Morowitz, Yale University;
and Dr. Joseph Engelberg, University of Kentucky. Observers attending were Dr. John R.
Totter, Atomic Energy Commission; Dr. James Liverman, Atomic Energy Commission; and
Dr. George J. Jacobs, National Aeronautics and Space Administration.

To fulfill the suggested means for instituting theoretical biology activities, this commit-
tee proposed that a series of conferences be held, a summer institute be considered, and
professorships, fellowships, and centers for theoretieal biology be established at universi-
ties. To begin activities, a general conference of not more than 35 active participants was
suggested. This conference should have two main objectives: (a) a general scientific meeting
and (b) a formal business meeting of the participants for recommendations concerning the de-
velopment of the discipline and also concerning specific activities and actions to be taken. In
accordance with this plan, the present conference was convened.
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This conference was organized by the American Institute of Biological Sciences' (AIBS)
Interdisciplinary Conference Program under the management of Dr. Frank Fremont-Smith
and his staff—Mrs. Purcell, Miss Gordon, and Mrs. Swanson. Their cooperation, effi-
ciency, and efforts in making the mechanics of this conference successful and the partici-
pants comfortable are gratefully acknowledged.

Editorial credit belongs, of course, to all the participants, as well as to Dr. Fremont-
Smith's staff who accumulated the data until the termination of the AIBS Interdisciplinary
Conference Program. Dr. James F. Danielli and his staff aided tremendously in editing
many facets of the scientific discussion. However, the editor assumes responsibility for any
editorial errors.

George J. Jacobs
Editor
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GENERAL INTRODUCTION

The American Institute of Biological Sciences-NASA Conference on Theoretical
Biology convened in the Palmer Room of the Nassau Inn, Princeton, New Jersey, Friday
evening, November 22, 1963, at 8:30 p.m. with Dr. James F. Danielli, chairman of the
conference, presiding.

DANIELLI: We shall begin this conference by asking Dr. Orr E. Reynolds to tell us how he looks
on this meeting, and Dr. Frank Fremont-Smith will tell us how we should behave. Then we
shall pass around the table and, in view of the fact that not everybody has previously met
everybody else, we shall ask each individual to say in a few words what sort of person he is
and describe in 2 minutes, at the most, how he is going to make a fundamental contribution
to the synthetic cell or any other problem that may come up in the course of the next few
days.

FREMONT-SMITH: Or perhaps why he is interested in coming to the conference.

DANIELLI: Or, alternately, criticize the tactics which were used in getting him to attend. Dr.
Reynolds ?

REYNOLDS: I learned really only this evening that I was expected to make any comments, and I
do not know exactly what I am expected to comment on. )

I suppose the reason I am in this position is that I had something to do with stimulating
the initiation of events that led to the conference. That fact was occasioned by my responsi-
bilities in NASA, so I will tell you my personal reasons for feeling that the subject of this
conference (the general topic, theoreiical biology) has a special importance to NASA. Ido
this not as a theoretical biologist, or even as a biologist, or a scientist at all, but as sort of
a science fan because I think that is all I can lay claim to in this specific instance.

The logic is really very simple. It seems to me that the process of doing scientific work
in space, certainly biological work in space, is an extremely expensive business with a par-
simony of data being almost the certain outcome. In other words, we will not be able, within
the immediately foreseeable future, to rely on a large volume of data to give us a large num-
ber of statistics or to rely upon an empirical observation with large numbers of data in order
to get results on which we can depend to advance our understanding of science or of biology.

The only option that appears to me to be available in such a circumstance is to make ex-
periments as meaningful as possible so that we can place reliance on a smaller amount of
data; and the biggest weakness in biology from that point of view—at lease the way I look at
it—is the absence of very much theory. I am not implying in any way a criticism of biolo-
gists for not having developed more theory. I think biology is a very difficult discipline in
which to develop theory, but it seems to me that the worthwhileness of biological experiments
in space is very likely to depend on the theoretical soundness of the experiments that are
done.

I should like to give a little bit of history as to how this belief led to this event. Shortly
after I came with NASA in March 1962, there was a Space Science Summer Study called in
Iowa City under the auspices of the Space Science Board, and I was asked to attend as a rep-
resentative of NASA. The biological sessicns of the study were chaired by Dr. Allan Brown,

1
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now at the University of Pennsylvania, and cochaired by Dr. Colin Pittendrigh, who is here.
In the course of that meeting, I was trying to determine whether I could achieve any agree- °
ment in my own thoughts concerning the importance of the development of theory as an essen-
tial part of NASA's biology program. One person that I found who agreed (quite heartily, I
thought) was Dr. Pollard. At that meeting as a sort of corridor discussion, rather than in
the main sessions, with Dr. Liverman from the Atomic Energy Commission (AEC), Dr.
Pollard and I discussed the idea of meeting again to talk about what might be done toward de-
veloping theoretical biology in the interests of NASA and AEC. We thought our interests
were confluent.

Subsequent to that, Dr. Liverman talked with Dr. John Totter of AEC who, I think, is
here also. I talked with Dr. George Jacobs, who is also here; and Dr. Pollard talked with
Dr. Danielli. There followed subsequently a series of meetings—large and small, formal
and informal—which resulted in the present session.

1, for one, am extremely gratified that it was possible to get such a distinguished group
of people together at this meeting. I have high confidence that it will, in the long run, be
most beneficial, not only to NASA but also to the development of science in general.

DANIELLL: I guess that covers a lot of ground and provides a basis for this meeting. We are be-

ginning to see what is expected of us, if I may say so. And after Dr. Fremont-Smith has told
us a little more of what is expected from us, we shall continue. Thank you very much.

As you can see, this is the first relatively large meeting that has come out of the pro-
cess which we have just had described for us. It is intended as an experiment. It is also in-
tended that we should participate in a general discussion, a so-called business meeting at
which everybody here who cares to come (and we hope you will all come) will be asked to put
forward his ideas as to what should be done to promote the development of theoretical work in
biology.

This particular series of discussions will be run as informally as is possible while still
preserving continuity of thought. In other words, chaos is eliminated as a possible mode of
conducting the meeting, not because order does not sometimes come out of chaos, but be-
cause, in thinking of the stenographic task of reporting chaos, I fear we shall need to limit
the range of topics under discussion simultaneously, at any rate. Is that right, Dr. Fremont-
Smith?

FREMONT-SMITH: I think it is exactly right. It all depends on your definition of chaos. I think

we need an appropriate amount of chaos in order to get some good thoughts.

DANIELLIL All right, we shall accept you as the chaotic regulator.

FREMONT-SMITH: I should say this about the record. Everything you say will be taken down

unless it is so outrageous that you really want it off the record; then you will ask Mrs. Swan-
son, the stenotypist, to raise her hands so that you can see that she does not even wiggle her
fingers. However, we beg you not to do so, unless it is a really terrible thing you are going
to say, because you will all have a chance to take anything off the record before it is pub-
lished. We find very often that what you think ought to be off the record turns out to be quite
recordable, and you may be very glad to have it on the record.

DANIELLL What happens if Dr. Pittendrigh thinks what I say is so outrageous that it ought to

come off the record?

FREMONT-SMITH: He has a private talk with you, and, unless you agree with him, it stays in

the record.
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DANIELLI: Should Dr. Piotr Slonimski succeed in getting here, I think that he should be asked to
open the discussion on the specificity of organelles. I think we can assume that that will hap-
pen; however, Dr. Slonimski will not be here until tomorrow.

The first thing on Sunday morning we shall have some extension of Saturday's discussion,
which will be opened by Dr. Sidney W. Fox, who has also provided you with some matter to
read beforehand, if you care to do so. ‘

If there are any questions you would like to ask about the program, Dr. Pollard and the
rest of us who participated in this organization will do our best to answer the questions. The
discussion leaders are not expected to do more than just start a discussion going. Are there
any questions you would like to ask me right at this stage or that you would like to ask any-
body who has been organizing this meeting ?

Dr. Fremont-Smith, are you going to tell us how we should behave at this meeting ?

FREMONT-SMITH: I will be delighted to say a few more words. We were very happy to be asked
by NASA to help organize this conference, because in the AIBS Interdisciplinary Conference
Program we spend a great deal of time (and previously when I was in the Macy Foundation for
some 20 years) in studying the process of interdisciplinary communication and trying to
set up opportunities for discussion in depth across disciplinary lines. I think most people
feel that they have no problems communicating with other people if the other people would
only listen and understand them; they do not, however, think that some of the things the
others are telling them are really worth paying much attention to and do not pay very much
attention to them sometimes.

I want to emphasize the difference between this kind of meeting (and Dr. Danielli has al-
ready emphasized it) and the standard scientific meeting—the meeting at which there is a
series of papers read at the group, one after another and then, if any discussion really gets
going, the chairman invariably has to say: "I am sorry to have to interrupt this fascinating,
most important discussion, but we are 20 minutes behind in our agenda and I must call on
Professor So-and-So to make another speech at you."

This is what we are trying to get away from. Most of you have learned that there are
very important things that do happen of a communicative type at the standard scientific meet-
ing, but they do not take place in the meeting room. Dr. Reynolds spoke about it. He said it
was not at a special session but in a corridor conversation that this happened, and this is of-
ten true. The people who know their way around go into the corridors, into people's rooms
and into the bar to have bull sessions in which most important decisions are made and very
important communication takes place. It happens to be usually somewhat limited to the group
involved, which may be three or four or five. It is not shared by others and it is never re-
corded, which may have some advantages but also some disadvantages.

After really spending time and thought on this, we decided that it ought to be possible to
reverse the field and to bring that which takes place in the corridors, in people's rooms, and
in the bar, into the conference room. And if anybody wants to make a speech, we send him
to the bar—and that does not work too badly either.

I would like to take another few minutes to contrast a speech with a conversation. I think
that a speech like the one I am now making, I am sorry to say, is a progressive frustration
to everybody who is listening to it. Every time an idea comes up you have to repress it, un-
less you interrupt (which I hope you will not hesitate to do), so that what you get is serial
frustration, serial repression of any ideas, doubts, and questions. Your mind is repressed
right straight through the speech. This is why people get exhausted at scientific meetings.
They cannot act or react unless they go out into the corridors.

Conversation is a feedback mechanism in which those who participate are constantiy cor-
recting one another, interrupting with gesture or word, reinforcing or supporting. The re-
sult is that they keep each other on the same wavelength, and if any serious doubt arises in
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the mind of one or another, he expresses it, and the question can be clarified. I feel that

this is the natural human way, this is what society has developed as its process of communica-
tion, only we have become so standardized in our scientific meetings that we practically elim-
inate this. We have become so conditioned—and this is the danger of my making a speech

like this—that if we allow the first person at the meeting to make a speech, everybody sub-
sides into the position in which he either sets up his resistance to being frustrated or he

thinks about something else.

What I hope we will all do is to have the courage of our ignorance to say comfortably:
"Please explain what you are talking about," when somebody says something that you do not’
understand, instead of feeling that it is somehow a disgrace which you should not admit., If
you will only come out and say it, you will be surprised how many people around the table will
nod and say, "I am glad you asked that question, because I did not understand either.' Itis
only by so interrupting and making sure that you do understand what is being said, what is the
intent, what are the controls, etc., as the proceedings go along that the group can keep with
it. And unless the group keeps with it, the group cannot contribute to whatever is being said
or explored.

3

REYNOLDS: May I interrupt? I wanted to give you an example of a problem of the vocabularies.
One of my bosses is an engineer. He was having trouble with a problem in biology that he
was supposed to explain to somebody else, and he asked me to write it out for him. Then he
thought a little about it and he said: '"But do not put it in jargon—I mean, put it in engineering
jargon."

FREMONT-SMITH: Ideas have got to stand on their hind legs. The ideas that come from the
youngest or the oldest are of equal value and have to be looked upon as what value they have
as ideas rather than whether they represent something that somebody has expressed; and too
many of us are attached to our previous concepts and viewpoints or, even worse, to the view-
point of our teachers and father figures. These are all right, provided they have their own
validity, but they are of no value merely because Claude Bernard or someone else stated
them. I think it is very important that we give full respect and full critique to anybody's
ideas. :

I would like to conclude by giving you a remarkable bit of insight—scientific insight—that
Gertrude Stein revealed on her deathbed. Alice Toklas was there, and Gertrude Stein was suf-
fering. She kept crying out to Alice, "Alice, Alice, what is the answer? What is the answer?"

Alice did not know how she could reply, but finally she realized that these were Ger-
trude's last moments and she had better speak the truth. She finally said, "Gertrude, there
is no answer."

"If no answer," said Gertrude, ''then what is the question?"

I think this is it in theoretical biology: What is the question? Gentlemen, I am through.

DANIELLI: Ido not think we will allow anybody to cross-examine you about your arguments. If
they wanted to do that, they should have interrupted, as you pointed out at the beginning of the
meeting. They can do this later.

What T will do now is ask Dr. Pollard to give a model demonstration as to how a member
of this meeting should introduce himself to the others.

POLLARD: Iwill tell you what my background is: it is as a physicist. Like a great many phys-
icists, Ibecame frustrated with physics because it seemed to tend toward detail too much. I
listened to a very fine talk yesterday at a physics colloquium in which T heard to six signifi-
cant figures, all about sodium bromide, and it seems to me that biology has more to offer
than that.
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I am convinced that the advance made in physical science was a mixture of theoretical
and experimental advance. I am convinced it was made in an area which I believe to be
harder than that of living systems. As a result of the intense, skilled effort it contained,
there was an emerging of original thinking. I think if we apply theoretical thinking to biology
we will have this combined approach, and we will take this "easy" subject and make something
out of it very fast.

DANIELLI: Now we will ask Dr. Jacobs to give us a second model introduction.

JACOBS: I am a biologist with laboratory experience in hematology and radiation biology. For
the past 5 years I have been in administration in space biology at NASA. I am now Chief of
Physical Biology with the Bioscience Programs Office. Physical biology covers a broad spec-
trum of endeavors including ""general activities" such as this conference. My aim and, I
must admit, my prime interest, is to aid in the development and acceptance of theoretical
biology by the scientific community. This conference I feel is a major step in this direction.

DANIELLI: 1 think we might work around the table. Mr. Leigh, would you like to fire away?

LEIGH: My name is Egbert Leigh. I am by preference a naturalist, by undergraduate training a
mathematician. I am interested in two classes of questions. One is: What particular math-
ematical formalisms are most useful in handling biological questions? I think there is a com-
mon mathematical language which will work equally well in certain kinds of physiological
problems, such as biological clocks, and in ecology. I am also interested in problems of a
more concrete nature—the possible contributions of paleoecology to a more exact theory of
evolution and the possible uses of molecular biology considerations in evolution.

PITTENDRIGH: My name is Colin Pittendrigh. I think of myself as a general biologist. I have
strong interests in evolutionary theory, and I am currently interested in daily biorhythms,
sometimes known as biological clocks. I was persuaded to join the space program by some
of my friends.

BRUCH: I am Carl Bruch. I am with the Bioscience Programs Office of NASA. The aspects
that I am associated with are the exobiology and the sterilization programs. I arrived at
NASA last August. My past experience was 5 years in industry as an industrial microbiolo-
gist. My interests in microbiology centered on microbial fermentations and sterilization.
After I received my doctorate, I felt I was lacking in knowledge of microbial sterilization and
went into this field and did research for 4 years. During that time I became acquainted with
NASA's Bioscience Programs. My last year in industry was in yeast fermentation studies.

Although my training in microbiology followed classical lines—i. e. » microbiology as a
descriptive and taxonomic science—I fortunately took a minor in fermentation biochemistry.
I realize that micro-organisms have to work within the framework of chemical and physical
laws. I am attending this conference to learn, and this process started this evening by sitting
next to one of Dr. Morowitz' graduate students at dinner.

HOFFMAN: My name is Donald Hoffman. I am a graduate student in the Department of Molecular
Biology and Biophysics at Yale. My background was in physics before going there. I think it
would be a little presumptuous to say anything about my fundamental contributions because
they have been nil so far.

I am interested in the mode of thinking and philosophy of theoretical physics as applied to
biology, rather than a blank application of the laws of physics. Further, I am interested in
the development of biological models and biological systems theory.

LANGELAND: My name is Tor Langeland. I am in the Physics Institute in Oslo, Norway, in a
biophysics group there. At presentI am a visitor in the Department of Molecular Biology and
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Biophysics at Yale University. My education was in physics, and I have done some work on
ultraviolet and ionizing radiation action on enzymes. In theoretical biology I am particularly '
interested in the application of thermodynamics to biology.

ATWOOD: My name is Kim Atwood. I have a mixed background. I thought that I would be inter-
ested in what the other people here had to say and, not being an authority, I hoped that Dr.
Fremont-Smith would pardon a few sarcastic and destructive remarks. They seem to be so
much easier to think of than the constructive ones.

I had the strange experience of participating in a meeting that bore a resemblance to the
proceedings of this one, as I anticipate them, which was held last winter at Ohio Wesleyan.
The subject was '"The Prospects for the Control of Human Evolution. " To give you an idea of
the flavor of the meeting, we considered the prospects of when complete control would be es-
tablished; that is, the desired stretches of DNA coding for known things could be inserted at
will into the human genome. As I recall, only two constructive ideas came out of this. One
was that you would put in a coding sequence for cellulase, which would then enable the indi-
vidual to eat paper. Rolin Hotchkiss was there, and he liked this particularly. He said this
would give him an opportunity to reply to letters: '"How muchI enjoyed your letter." I will
not tell you what the other one was.

Also, finally, I had some erroneous impression of free cocktails, but I will pass that.

TOTTER: My name is John Totter. I am a biochemist lately turned bureaucrat for the second
time. Iam with the Division of Biology and Medicine at the U.S. Atomic Energy Commis-
sion. I suppose the reason for the interest of the Commission in having an observer here is
fairly obvious.

FREMONT-SMITH: We have no observers. They are all participants.

TOTTER: I intend to participate. I am looking forward to the meeting with a mixture of interest
and trepidation and some skepticism, but with a great deal of hope, also.

GRENELL: Bob Grenell. Iam, I suppose, called a neurobiologist. This is an escape term
which avoids committing one as to being a neurochemist or a neurophysiologist or anything
you can pin down. My primary interest is in the nature of the excitable cell and in whatever
relationships one can presume to be functioning between macromolecules inside the cell and
the molecular structure of the cell membrane.

Everybody has been talking about his background. I have the unique background for this
work of being an incurable romantic and a musician. AndI think the only other thing that is
necessary to add to this is that I feel some responsibility by way of a small, but very inter-
esting, minor connection with the Office of Biosciences of NASA.

WOESE: My name is Carl Woese. I am a heretical biologist of the Pollard school. My interests
center about what is currently called molecular biology, within which discipline I seek out
those problems whose solutions are particularly amenable to my own personality, preconcep-
tions, and prejudices. At present I am interested in the genetic code—its underlying mecha~
nisms in the origin of life and in aging. I work for the General Electric Company.

ROBERTS: My name is Dick Roberts, and the address is 5241 Broad Branch Road, Washington,
D. C. Iam mentioning that because the last communication from your people was a letter
saying, "What is your name and address?"

I came because I have found that any conference that Dr. Pollard has anything to do with
is very good. Now I am wondering whether I should have come because I never use anything
more than arithmetic in any of my biology.
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FRIEDENBERG: My name is Bob Friedenberg. I am not sure what I would classify myself as. I
work in a group that is unique, associated with Professor Danielli. It is called a theoretical
biology group. I am here to find out something about the field. I am particularly interested
in membrane replication.

MANILOFF: My name is Jack Maniloff. Iam in the Department of Molecular Biology and Bio-
physics at Yale and am one of Dr. Morowitz' graduate students. My research has been in
dealing over the pastyear with the rather unique morphology of what Dr. Morowitz has called
the smallest living cell. Perhaps I can make some contribution with respect to that. Like
Don Hoffman, the other student in our lab, I am here to learn as well.

KERNER: My name is Edward Kerner from the Physics Department of the University of Dela-
ware. Ihave been interested in biology for a long time, mostly from a very pragmatic point
of view. As Dr. Pollard mentioned, there are certain elements of simplicity in what looks
like complexity. The same thing has happened in physics many times. In particular, the
power of the so-called Gibbs ensemble theory for looking at complicated systems in a simple
way has had a certain possible appeal for questions of similar orders of complexity in biologi-
cal problems. This has been the theme of my interest in biology.

GARFINKEL: My name is David Garfinkel. Iam a computer biochemist; that is, a biochemist
who has learned programing well enough so that it is not something he does only under com-
pulsion. I seem to spend most of my time building computer models of cellular and enzymat-
ic systems and a little of my time dabbling with models of ecological systems. I should, at
this point, caution the ecologists here that I am not really expert in the field. So please do
not be afraid of picking up any factual errors I may make.

LEVINS: T am Richard Levins at the University of Puerto Rico, working in population biology, in
the coming together of population ecology with population genetics and evolution.

MOROWITZ: I am Harold Morowitz, a microbiophysicist. When I first became interested in
theoretical biology, I was a graduate student of Dr. Pollard's and used to try to think of ref-
utations for the outlandish theories he would put forward. My interest in theoretical biology
solidified when I was with the Bureau of Standards and we ran out of money to do experiments
one year. I am now at Yale with a group that is trying to sort out the very small living cells
in the hope that maybe they will be a little simpler and the theory will be a little simpler.

ENGELBERG: I am Joseph Engelberg from the University of Kentucky, Department of Physiology
and Biophysics. I entered biology from the engineering and physics side, but have progres-
sively turned away from the physical sciences and become more involved with biological
problems. ‘

I have been thinking about why I have been interested in theoretical biology. Probably
any person with a theoretical approach believes in two things about the universe. The first,
that the universe is basically simple in structure—not trivial, but simple; and the second,
that there is a harmony to it—that is, that there are not lots of unrelated things happening but
that they are all tied together and can be related to one another.

McMULLEN: I am Arnold I. McMullen from England, and I am now a theoretical guinea pig in
one of Dr. Danielli's experiments. I find that I am the first official Professor of Theoretical
Biology. It is pretty clear that Professor Danielli does regard it as an experiment because I
have the title "Visiting Professor,' and he therefore presumably expects either myself or the
subject to last for exactly 12 months.

I was quite quietly minding my own business in England as an experimenialist working on
the biogenesis of the polyisoprene molecule. I made the mistake of thinking a little too much
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about it and putting on paper some of my thoughts, and so here I am, trying to live up to some
of the theories which I put forward at that time. :

BAUTZ: I am Ekkehard Bautz from the Institute of Microbiology at Rutgers. Iam of a mixed
background—first chemistry, then genetics, and I am now called a "molecular biologist." I
am an experimentalist, and I think I am on vacation now. I hope I will enjoy my vacation.

WATTS-TOBIN: My name is Richard Watts-Tobin, and I am from the Laboratory of Molecular
Biology at Cambridge, England. I started off as a sort of theoretical physicist or, really, a
theoretical electrochemist. But I was converted to biology by Dr. Crick and was started off
on genetic experiments, almost the first experiments I had ever done, which eventually sug-
gested the genetic code as a triplet code. Since then I have reverted a bit, and I am thinking
about theory—the theory of electron transfer reactions in biological systems.

ODUM: I am Eugene Odum. I am a naturalist who sees beautiful order in nature, but, frustrated
in not being able to understand it simply by describing it, I have gradually become what we
now call a "systems'' ecologist, or one who studies the relationship between the structure and
the function of the ecological system as a whole. To work at this level of organization some
team work is necessary, so we have gathered together at the University of Georgia a number
of young people who are interested in the experimental approach and the use of such modern
tools as radioisotopes as a means of obtaining better information on function at levels above
that of the individual organism.

One theoretical aspect that intrigues us is that many of the most basic principles and
functions that we all talk-about—for example, thermodynamics or metabolism—seem to be the
same at the different levels, whether you are speaking of the cell or whether you are speaking
of the biosphere. In contrast, the structure at these levels is vastly different; and, therefore,
the real difference between levels of organization is in the relation between the basic func-
tions, which may be very similar, and the very different structures through which these func-
tions are carried out. If I have any function here it is to remind the people working at molec-
ular levels that this is not the only level of importance.

For example, if we code in our cellulase enzyme, as was mentioned, we will have to
make some other decisions and studies regarding the effect of our new genotype at the eco-
system level, because if we all go out and eat trees, and so on, this will mean a quite differ-
ent environment'! What I am saying is that we cannot stop in our thinking with simply break-
ing a code in one level. We must always ask the question: What are the consequences of this
at other levels, and how will this modify the theoretical picture when the consequences feed
back to the original level?

WESLEY: I am Paul Welsey, a theoretical physicist. My interest is in the general thermody-
namics of living systems. I have not as yet gone into the subject in any great detail. I wrote
up some of my ideas in a paper entitled '"Thermodynamic Behavior and Evolution of Living
Systems" (not as yet accepted for publication). In other words, I have really not been in this
field of theoretical biology long enough to know what it is all about.

YCAS: I am Martynas Ycas from the Upstate Medical Center at Syracuse, New York. I have been
working mainly on the analysis of ribonucleic acid; and my main achievement to date is that I
have reached a point where, reading the literature in my own field, I can no longer distinguish
fact from fiction very clearly.

My reasons for coming here are twofold. I learned that Dr. Slonimski was coming, and
I will not have to lead a discussion. My qualifications for theoretical biology are that I reject
papers submitted to the Journal of Theoretical Biology.
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EDGELL: My name is Marshall Edgell. Iam a graduate student at Penn State, working in Dr.

) Pollard's group. I was trained as a physicist. I am interested in theoretical biology because
it takes me so long to do an experiment, that I would like to do it on paper which should be
easier and shorter.

FREMONT-SMITH: I am Frank Fremont-Smith. I was trained in neurology, neurophysiology,
and did some work on cerebral spinal fluid, although I had not been trained in biochemistry.
I then moved into the job of being a philanthropoid. You all know what a philanthropoid is.
Fred Keppel was president of the Carnegie Corporation, and this was his appellation for foun-
dation executives. He said, ""Pity the poor foundation executive, he needs to be called some-
thing." And he said, "I suggest that he be named a 'philanthropoid'." Why? Because he
acts like a philanthropist with somebody else's money.

Since I was retired from the Macy Foundation I have been acting, not like a philanthro-

pist, but with somebody else's money, and trying to assist in some way in the problems of
communication.

DANIELLI: Iam Jim Danielli. I was brought up as a physical chemist. While I was in the pro-
cess of being brought up, I met a lot of biologists, and I found it impossible to believe that
biology was really as complicated as they thought it was. The result was that I moved into
that field. I still think I was right, but it is difficult to demonstrate. I am interested in help-
ing to develop a general theory of cells. I must say I am also a very lazy person, so just like
you, I prefer to do something theoretically if it can be done.

QUIMBY: I am Freeman Quimby, trained as a physiologist, plant morphologist, and microbiolo-
gist. I came to NASA in May 1960, interested very much in a subject that Joshua Lederberg
called "exobiology,' which is life, if any, beyond the exosphere of the planet Earth. I came
to this meeting because I have been moved for some time by the kind of argument that Dr.
Pollard gave us when he spoke a few moments ago. I do not know whether he is really aware
of another fact or not, but the contemporary scene in science has been marked by the move-
ment of physicists into the field of biological science. These are good physicists, they are
not regarded as heretics by their colleagues, and there is a long list of them. They are not
all here, but some of them are. Since I am not a physicist, I came here to listen and to
learn.

KLEIN: I am Chuck Klein. I am a microbiologist and have been for a few years. As a matter of
fact, I took my first microbiology course from Dr. Starr down here at the end of this table.
I have been interested for a long time in the subject of structure and function and have done
some work on yeast mitochondria. I am very much interested in the origin of these and other
organelles.

I have a sort of personal professional interest in being here. About 9 months ago I was
persuaded to join the space program (I think by some of my worst enemies), and I am now
with NASA at the Ames Research Center, where we have set up a rather large life-science
laboratory. Among the types of work going on there are experiments on chemical evolution
and on proteins, or proteinoids, of cellular organelles. Thus, I have a dual purpose in being
here: I am spying for the rest of my outfit, and I am also here to learn and contribute on my
own.

FORRO: My name is Fred Forro. Iam sort of a mixed character. I started out as an M.D., but
somehow I did not see enough science in that. Then I found an individual named Dr. Pollard
who had turned from physics toward biology, and I found this very encouraging. Now I have
the title of biophysicist in the Department of Molecuiar Biclogy and Bicphysies at Yale. I am
listed here as a discussion leader. I accepted this with some trepidation because I cannot
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imagine a worse choice for a discussion leader, especially as outlined by Dr. Fremont-Smith.
But possibly there will be enough discussion to help me out so that it will not go so badly. )

The major reason I am interested in this conference is not so much because of theoretical
biology but rather because I have always been intrigued with the idea of de novo cell synthesis.
I broke away from medicine because I thought the most important thing about the living pro-
cess was the understanding of the cell, and my idea of what that means is someday to recon-
struct it. I have been diverted from doing anything about this because most people do end up
analyzing cells that exist. I ended up looking at DNA, the DNA of bacterial cells, from the
point of view of how this replicates. It is kind of refreshing to come back to something which
has this title and to start to think about it again, and I hope I become catalyzed.

STARR: My name is Mort Starr. I am a bacteriologist. I earn my living as a teacher of ecology
and, unfashionably, as a taxonomist. I am probably here because I am essentially a militant
antitheorist. I am a whole-organism biologist. You will be hearing from me on that subject.

DANIELLI: Thank you all very much. Dr. Fremont-Smith, you had some disidentification to
make? '

FREMONT-SMITH: The reason I want to speak at this point is that it seems to me that what has
happened as the result of this self-introduction is that we have all become more aware of the
extraordinary resources that we have in this room. We have not become nearly as aware as
the resources are, actually, because each one of you has only touched very lightly on one or
two of your resources, and you all have many, many more. Of course, one of our functions
in the conference is to explore and share each other's resources.

I like to say this because I really think it is quite an extraordinary thing —the capacity,

_the functional mental capacity, background and experience, of a great variety of sorts that we
have here. Our job is, I hope, to utilize as fully as possible, as pertinently as possible, and
sometimes impertinently, this enormous resource and, also, to build liaison—lines of friend-
ship and of common denominators—among the group so that the combined resources, or the
combination of resources, will go on for many years in various ways.

One of the great advantages is that a lot of you have not met previously. This will no
longer be true. Interactions can start which will, and may, go on more effectively because
you will have shared with one another more than is possible if you were making just a series
of speeches. Thank you.

GRENELL: Iwas just noticing something as a result of everything that had been said here, and
I wonder whether this has any bearing on the meaning of theoretical biology that we are going
to be discussing. I just made some notes as people were speaking here, and this looks like a
very subversive group. It consists of numerous ex-physicists; Freeman Quimby is an ex-
biologist; Dr. Forro is an ex-M.D.; and there are a number of molecular biologists. By this
term I assume they mean very small biologists. So I begin to wonder if this has any bearing
on the nature of the field.

DANIELLI: You think we are a lot of unfrocked priests? I think every new doctrine is initially
heretical.

REYNOLDS: I have one additional comment to make. I noticed that there seemed to be a lot of
people from NASA at this meeting, and I propose to reduce the number by 20 percent. Ire-
gret to say that I can be here only this evening. I must leave tomorrow, so I want tc express
my regret that I will not be here for the rest of the conference.

DANIELLI: In that case, you may be the only member of this group who will read the report when
it comes out.
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HOFFMAN: I have a question about this format. Do these meetings follow each other, A pre-
cedes B and so forth, or are they concurrent?

DANIELLI: No, they follow one another, except insofar as they are concurrent.

FREMONT-SMITH: This is a perfect statement to go with this meeting. This is exactly the way
it should be. It is order in disorder, when disorder is needed in order to get order.



' N66 30396

PART 1. ON DE NOVO CELL SYNTHESIS

CHAIRMEN: E. C. POLLARD and J. F. DANIELLI
A, MACROMOLECULAR ASPECTS

Discussion leader: E. C. Pollard

POLLARD: I am very happy to see some new arrivals. I see that Dr. Szent-Gyorgyi has arrived.
We are delighted to have him here; just to look at him is going to do me good while I am
chairman of this session.

I would like to say just a few words about one purpose of this conference, which is secon-
dary to the actual conference itself. I hope that all of you will aftend the business meeting—
and please do not be put off by this—the purpose of which is to try to find more wisdom to
guide NASA and AEC in the setting up of theoretical biology and supporting it.

I would also like to give you just a little more background than Dr. Reynolds gave you
last night. Over the past 18 months or so a very small committee has been meeting; and this
very small committee has consisted, besides those in granting agencies, of Dr. Morowitz,
Dr. Danielli, Dr. Engelberg, Dr. Henry Quastler, and I. This conference comes out of the
deliberations of that group, and it was always the intent that there should be a wider number
of people who would advise as to the future aspects of this subject of theoretical biology. So,
when we do meet for the business meeting tonight, please bear this in mind: We are simply
trying to find out what you think and to put these thoughts together in some way so that support
can be given to this subject if it should be given.

Before I go on, I mentioned Dr. Henry Quastler a moment ago. I would like to say a
couple of words about Dr. Quastler, and I would very much like to have these in the record.

I miss him at this session like an arm. Henry Quastler was a really remarkable person. He
would have been wonderful to have had here. He had the kind of interest in the stimulus of
new ideas, and his response to the challenge was such, that it did not show in himself vividly
but it was very easily communicated to others. In fact, in this respect, a quiet, gentle and
anything but strong outward-going personality had the most extraordinarily powerful influence
on other people; and this is, in itself, of interest.

I would like to say another thing. Like Dr. Quastler, I am an American citizen by
choice. I think it is something we should say to our credit as Americans that a man like
Henry Quastler, who had this keen intellect and essentially lived in a world of intellectual
achievement that was his whole and entire life, could come here and be in our culture. I
think he flourished in it. I really think that the national environment of the United States pro-
vided him with a greater satisfaction than any he had encountered before. I really believe he
was happy. And I believe this is to our credit that a person such as Henry Quastler could
come here and so quickly find himself and find contentment here.

I do not want to burden an already burdened conference with such words, but I would at
least like to put these remarks on the record.

It falls to my lot to start the Conference on Theoretical Biology, and I do this with a mix-
ture of pleasure and fear. I find the subject extremely interesting. I find it challenging. 1
find on the one hand that it is a relaxing thing. I look forward to letting my hair down very
soon, and I look forward to a lot of interesting discussion back and forth. At the same time,
I find it very difficult. On the one hand, I think that anything one thinks about that is con-
cerned with the intimate detail of living things is absorbing, interesting and exciting; and one
could go on with it all day. On the other hand, I am also aware of the fact that one has to su-
perimpose his conditioning and his sort of mental prejudices (and these include, of course,
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the background he has in physics, or in biology, or in chemistry) on the actual operation of a
living cell. A living cell is subtle; it is simple; it is rational; and, above zill, it is itself. It
does not seem to matter what one's conditioning is, the cell will require in him an understand-
ing that he meet it on its own terms. So the thing which is difficult is to stand up and start to
discuss the theory of a living cell, which is not simple.

I would like to say a word or two about what I conceive theoretical biology to be, or what
I think its function should be. In doing this, I would like to go back to physical science for a
little while and just draw an analogy for a moment. If one thinks of the very exciting time in
physical science between about 1896 and 1910, we have a bit of an analogy for the situation
that we have at present.

In 1896, or approximately then, the electron was discovered, radioactivity was discov-
ered, and X-rays were discovered. In the years that led up to 1910, all of these things were
exploited and developed in an amazing series of experimental researches, so that by 1910 one
might honestly say that X-rays had become commonplace, radioactivity had become common-
place, and electrons had become commonplace.

In this era, the essential method of work, even in physical sciences, was what might be
called intelligent experimentation. By the end of 1910, just after this time, the experiments
of Rutherford began on the structure of the atom. He showed, by what amounts to intelligent
experimentation, that the atom, in spite of all the difficulties with it, must have a nucleus and
that the electron must be fitted in the atom a certain way. By 1912 a sudden change came,
because in 1912 it was realized that we would not understand the atom in terms of intelligent
experimentation. We would have to understand the atom conceptually and differently in con-
cept. We would have to actually forgo the notion that we could think of the steady and uniform
absorption of energy by an atom. Instead, we had to make rules for whether it could be ab-
sorbed or not; and when we did make these rules, then the picture of the atom emerged.

Now, the whole of that part of the knowledge of the atom—all of the interpretation of spec-
troscopy and all of that—really is wholly theoretical. It would not be correct to say that any-
where in that aspect which followed from the Bohr theory did any of our conceptualization of
the atom lie in anything other than a theoretical interpretation.

The whole question which really lies in front of us at this conference is this: Has biolo-
gy—which has certainly made equally astounding advances, and to my mind more astounding
advances, in the last 15 years than were made in the previous 15 years I just quoted—also
come to the stage where the next understanding of living processes will have to be conceptu-
alized in terms of theory? My feeling is that it has come to that stage. One of the reasons
why I am so wholeheartedly willing to devote my time outside the laboratory and to this con-
ference, is the belief that, indeed, this is so. That belief does not get anywhere; and, in
fact, no subject, I think, is more devoid of basis than theory if that basis is not related to
some achievement of theory. A theory which is just a philosophical theory (and I do not use
that word "just" intending to be contemptuous although I cannot help feeling that I mean it a
little that way) —that is, the very broad type of theory which is very pervasive and very full of
faith—is really, perhaps, not what we are after. What we are after is a theory that takes de-
tail and moves this detail into the sort of realm of confident interpretation and gives a basis
for extending this confident interpretation into realms that we did not think about at all before,
just as the interpretation of the hydrogen atom by Bohr led to all the succession of additional
things that were not thought of at all and culminated in an all-inclusive theory, which really
encompasses the whole of chemistry and the whole of physics, at least as far as atoms are
concerned.

With that in mind, one reason for the titles that we are discussing in this conference
should be explained. In planning a conference like this, we had to look at areas where it
seemed probable that the contribution of theory to the areas of knowledge we are discussing
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would be great. We had to pick, and so we picked, rather sharply, something which many
‘people are looking on a little vaguely. We picked rather sharply the idea of what it would
take to synthesize a cell de novo—in other words, conceptually to make, stage by stage, all
of the elements from the carbon, nitrogen, oxygen, phosphorus, sulphur and hydrogen which
form the cell—conceptually to make these step by step, so that at each point we are confident
that we can do it and, finally, to end up with a system which actually is a living cell, which
has those attributes of life to the extent that all would agree that the cell is a living cell.

What will it take to do this? It may be that all it will take, as Dr. Roberts says, is to
isolate three polymerases—the polymerase for DNA, the polymerase for RNA, and the poly-
merase for making the peptide bond—and put these together in a suitable container with the
right parts and say "boomph' and you will have it.

This is possible. The question is: While this is possible, would one ask for a grant to
do that? I think one would not ask for a grant to do that with any expectation that it would be
supported unless one also gave some basis for believing that it would work—and here we
start. The basis for believing that it will work will involve making a conceptual picture in our
mind of the reaction vessel, the nature of these polymerases, how they work, what will actu-
ally result from them, how they will interact, and whether, in the long run, the necessary
organization which is present in the cell, which we are going to look for and will all be willing
to agree is a cell, will actually emerge from this system. When we think about it this way we
think that this aspect of our grant application is not going to be done in the laboratory; it is
going to be done in the head. The question immediately starts to appear sharply: Is there not
really something theoretical that we should start to say about this process of putting the three
e